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DESCRIPTION 

MEMBRANE -ELECTRODE STRUCTURE AND METHOD FOR PRODUCING THE SAME 

Technical Field 

The present invention relates to a membrane -electrode 
structure that is used in polymer electrolyte fuel cells, and 
a method for producing the same. 

Background Art 

The petroleum source has been exhausted, and at the same 
time, environmental problems such as global warming due to 
the consumption of fossil fuel have increasingly become serious . 
Thus, a fuel cell receives attention as a clean power source 
for electric motors that is not accompanied with the generation 
of carbon dioxide. The above fuel cell has been widely 
developed, and some fuel cells have become commercially 
practical. When the above fuel cell is mounted in vehicles 
and the like, a polymer electrolyte fuel cell comprising a 
polymer electrolyte membrane is preferably used because it 
easily provides a high voltage and a large electric current. 

A membrane -electrode structure as shown in FIG. 8 has 
been known as a membrane -electrode structure used for the above 
polymer electrolyte fuel cell (refer to e.g. , U.S. Patent No. 
5,176,966) . 

The membrane -electrode structure 12 shown in FIG. 8 
consists of a polymer electrolyte membrane 2 , a pair of catalyst 



layers 3 and 4 that sandwich the polymer electrolyte membrane 
2 , and a pair of diffusion layers 5 and 6 that are laminated 
on both catalyst layers 3 and 4. In the membrane -electrode 
structure 12, the catalyst layers 3 and 4 # and the diffusion 
layers 5 and 6 are formed in the same size as the polymer 
electrolyte membrane 2 , and are laminated so that the outer 
circumferential edge of each layer 3, 4, 5, and 6 is aligned 
with the outer circumferential edge of the polymer electrolyte 
membrane 2 . 

In the membrane -electrode structure 12, when a reducing 
gas, such as hydrogen and methanol, is introduced through a 
diffusion layer 5 to a catalyst layer 3, protons formed in 
the catalyst layer 3 move to the catalyst layer 4, which is 
in the oxygen electrode side through the polymer electrolyte 
membrane 2. In the catalyst layer 4, an oxidizing gas, such 
as air and oxygen, is introduced through the diffusion layer 
6 , and the protons react with oxygen and electrons to form 
water. Therefore, by connecting the catalyst layers 3 and 
4 with a conducting wire, the membrane -electrode structure 
12 can be used as a fuel cell. 

However, as FIG. 8 shows, if the catalyst layers 3 and 
4 and the diffusion layers 5 and 6 are laminated so that the 
outer circumferential edges thereof are aligned with the outer 
circumferential edge of the polymer electrolyte membrane 2, 
there is a problem that the gas supplied to each of the diffusion 
layers 5 and 6 goes around the outer circumferential edge of 
the polymer electrolyte membrane 2 to the opposite side, and 



is mixed to each other. In addition, since the locations of 
the outer circumferential edges of the catalyst layers 3 and 
4 are close to each other, there is a problem that the catalyst 
layers 3 and 4 may be electrically short-circuited. 

In order to solve the above-described problems, there 
has been proposed a membrane -electrode structure 13 wherein 
a polymer electrolyte membrane 2 is formed to be larger than 
catalyst layers 3 and 4 and diffusion layers 5 and 6 , and the 
catalyst layers 3 and 4 and the diffusion layers 5 and 6 are 
laminated so as to make their outer circumferential edges 
locate in the inner circumference side than the outer 
circumferential edge of the polymer electrolyte membrane 2, 
as FIG. 9 shows (refer to e.g. , Japanese Patent Laid-Open No. 
2000-223136) . 

According to the membrane -electrode structure 13 of the 
above, the gas supplied to each of diffusion layers 5 and 6 
is blocked by the portion of the polymer electrolyte membrane 
2 pendent outward from the outer circumferential edges of the 
catalyst layers 3 and 4 and the diffusion layers 5 and 6 to 
prevent the mixing thereof. The above-described dependent 
portion of the polymer electrolyte membrane 2 can also prevent 
the electrical short-circuiting of the catalyst layers 3 and 
4. 

However, in a fuel cell using the membrane -electrode 
structure 13, if the thickness of the polymer electrolyte 
membrane 2 is thinned for improving the output , the mechanical 
strength of the polymer electrolyte membrane 2 is lowered. 



and the portion pendent from the outer circumferential edges 
of the catalyst layers 3 and 4 and the diffusion layers 5 and 
6 is easily broken. Therefore, the present applicant has 
proposed membrane -electrode structures la and lb wherein the 
entire outer circumference of one catalyst layer 4 is adhered 
to the polymer electrolyte membrane 2 to form an adhesive 
support layer 9 for supporting the polymer electrolyte membrane 
2 , and one face of the polymer electrolyte membrane 2 is coated 
with the catalyst layer 4 and the adhesive support layer 9, 
as FIGS. 1 and 2 shows (refer to Japanese Patent Laid-Open 
No. 2003-68323) . 

In the membrane -electrode structures la and lb, the 
polymer electrolyte membrane 2 extended outwardly from the 
outer circumferential edges of the catalyst layers 3 and 4 
and the diffusion layers 5 and 6 is protected by the adhesive 
support layer 9, and the prevention of damage is expected. 
Also in the membrane -electrode structures la and lb, by forming 
a diffusion layer 6 that coats the catalyst layer 4 and the 
adhesive support layer 9, it is expected that the function 
to protect the above -described polymer electrolyte membrane 
2 can be strengthened. 

However , since a fuel cell is exposed to a high- temperature 
high -humidity environment during operation, the adhesive 
support layer 9 may peel off the polymer electrolyte membrane 
2 depending on the type of adhesive that constitutes the 
adhesive support layer 9 of the membrane -electrode structures 
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la and lb, and the effect to protect the polymer electrolyte 
membrane 2 may not be sufficiently achieved. 

Disclosure of the Invention 

It is an object of the present invention to solve the 
above- described problems , and to provide a membrane -electrode 
structure comprising an adhesive support layer that does not 
peel off the solid polymer electrolyte membrane even in a 
high- temperature high-humidity environment during the 
operation of a fuel cell. 

It is another object of the present invention to provide 
a polymer electrolyte fuel cell using the above -described 
membrane -electrode structure, an electrical apparatus using 
the above-described polymer electrolyte fuel cell, and a 
transport apparatus using the above-described polymer 
electrolyte fuel cell. 

It is further object of the present invention to provide 
a method for producing above-described membrane -electrode 
structure. 

To achieve the above objects, the membrane -electrode 
structure of the present invention is characterized in 
comprising a pair of electrodes each having a catalyst layer, 
and a solid polymer electrolyte membrane sandwiched by the 
catalyst layers of both electrodes , wherein the catalyst layers 
are positioned in the inner circumference side than the outer 
circumferential edge of the solid polymer electrolyte 
membrane; at least one face of the solid polymer electrolyte 



membrane is coated with the catalyst layers, and an adhesive 
support layer that is formed on the catalyst layers and 
throughout the entire circumference of the outer 
circumferential side of the catalyst layers, adheres to the 
solid polymer electrolyte membrane, and supports the solid 
polymer electrolyte membrane; and the adhesive support layer 
is formed of an adhesive having fluorine atoms in the molecular 
structure . 

According to the membrane -electrode structure of the 
present invention, since the adhesive support layer is formed 
of an adhesive having fluorine atoms in the molecular structure , 
it can strongly adhere to the solid polymer electrode membrane 
and does not peel off , even if it is exposed to a high- temperature 
high-humidity environment during the operation of the fuel 
cell . Therefore , it can protect the solid polymer electrolyte 
membrane extended outwardly from the outer circumferential 
edges of the catalyst layers and can prevent the damage thereof . 
The adhesive support layer may be formed on only one face of 
the solid polymer electrolyte membrane or may be formed on 
both faces thereof. 

On the other hand, if the adhesive support layer strongly 
adheres to the solid polymer electrolyte membrane, when the 
solid polymer electrolyte membrane repeats expansion and 
shrinkage in the above-described high- temperature 
high-humidity environment , the adhesive support layer may not 
be able to follow the above -described expansion and shrinkage . 
In such a case, the solid polymer electrolyte membrane may 



be restricted from expansion and shrinkage in the vicinity 
of the edge portion of the adhesive support layer to produce 
the concentration of stress and may be damaged. Therefore, 
in the membrane -electrode structure of the present invention, 
the above-described adhesive after curing is characterized 
in having a tensile elongation at break of 150% or more. 

According to the adhesive support layer formed of such 
an adhesive, since the adhesive has a tensile elongation at 
break of 150% or more, the adhesive support layer can follow 
the expansion and shrinkage of the solid polymer electrolyte 
membrane in the high- temperature high-humidity environment, 
and can relax the concentration of stress of the solid polymer 
electrolyte membrane in the edge portion thereof to prevent 
damage . 

Examples of the adhesives include adhesives that contain 
a polysiloxane compound and a molecule containing at least 
two alkenyl groups. The adhesives are cured by the 
cross -linking of the alkenyl groups and the polysiloxane 
compound. 

Examples of the alkenyl groups include univalent 
unsaturated aliphatic groups such as vinyl , allyl , and butenyl 
groups . The polysiloxane compound and the molecule 
containing alkenyl groups may be molecules independent from 
each other , or may be a polysiloxane compound having the alkenyl 
groups within the same molecule that cures by the cross -linking 
reaction in molecules. 



The membrane -electrode structure of the present 
invention is characterized in comprising a diffusion layer 
that coats the catalyst layers and the adhesive support layer. 
The catalyst layers and the adhesive support layer are 
reinforced by the coating of the catalyst layers and the 
adhesive support layer by the diffusion layer, and the solid 
polymer electrolyte membrane extended outwardly from the outer 
circumferential edge of the catalyst layers is further strongly 
protected. 

The diffusion layer is advantageously formed of a porous 
material for introducing the supplied gas to the catalyst 
layers. However, in the membrane -electrode structure having 
a diffusion layer formed of a porous material, if a plurality 
of membrane -electrode structures are laminated on each other 
to constitute a fuel cell , there is a concern that the diffusion 
layer is undergone plastic deformation or damaged when an 
excessive face pressure is applied in the laminating direction . 

Therefore, the membrane -electrode structure of the 
present invention is characterized in that the diffusion layer 
is formed of a porous material, and the adhesive support layer 
is integrated with the diffusion layer through an adhesive 
permeating layer wherein the adhesive permeates in the 
diffusion layer. In the membrane -electrode structure of the 
above constitution, the adhesive support layer formed on at 
least one face of the solid polymer electrolyte membrane is 
integrated with the diffusion layer that coats the adhesive 
support layer through the adhesive permeating layer. 



Therefore, the strength of the diffusion layer is improved, 
and when a fuel cell is constituted by laminating a plurality 
of the membrane -electrode structures on each other , the plastic 
deformation or damage of the diffusion layer can be prevented. 

In the membrane -electrode structure of the present 
invention, it is preferable that the adhesive permeating layer 
is formed by the permeation of the adhesive into the diffusion 
layer in the region where the diffusion layer formed of the 
porous material coats the adhesive support layer, within the 
range where the filling rate to the void-portion of the 
diffusion layer becomes 30 to 100%. 

If the filling rate of the adhesive to the void portions 
is less than 30%, the adhesive permeating layer cannot impart 
a sufficient strength to the diffusion layer, and thus cannot 
prevent the plastic deformation or damage of the diffusion 
layer . If the filling rate of the adhesive to the void portions 
is 100%, since all the void portions of the region are filled 
with the adhesive, the specification of the filling rate that 
exceeds 100% is pointless. 

The adhesive permeating layer can be formed, for example, 
by screen-printing the adhesive on the diffusion layer, and 
the filling rate of the adhesive to the void portions of the 
diffusion layer can be controlled by changing the conditions 
of the screen printing. The conditions of the screen printing 
that can be changed include the material, the wire diameter 
and the openings of the mesh for the screen; and the angle. 



hardness, printing pressure, and scanning speed for the 
squeegee . 

In the membrane -electrode structure having the 
above -described constitution, if the outer circumferential 
edges of the pair of catalyst layers are positioned so as to 
align to each other sandwiching the solid polymer electrolyte 
membrane, stress due to the catalyst layers is concentrated 
on the same positions on the front and back of the solid polymer 
electrolyte membrane when a fuel cell is formed. As a result , 
there is large possibility that the solid polymer electrolyte 
membrane is broken at the portion sandwiched by the outer 
circumferential edges of the pair of catalyst layers. 

Therefore, the membrane -electrode structure of the 
present invention is characterized in that at least a part 
of the outer circumferential edge of one catalyst layer 
positions at the portion different from the outer 
circumferential edge of the other catalyst layer, with 
sandwiching the solid polymer electrolyte membrane. 
According to the above -described constitution, the stress due 
to outer circumf erential edges of the catalyst layers can be 
dissipated on both the front and back of the solid polymer 
electrolyte membrane, and the damage of the solid polymer 
electrolyte membrane can be prevented. 

To dissipate the stress, it is preferable that the outer 
circumferential edge of one catalyst layer is positioned in 
the inner circumferential side than the outer circumferential 



edge of the other catalyst layer, with sandwiching the solid 
polymer electrolyte membrane. 

The polymer electrolyte fuel cell of the present invention 
is characterized in comprising the above -described 
membrane -electrode structure; and the electrical or transport 
apparatuses of the present invention are characterized in 
comprising the above -described polymer electrolyte fuel cell . 
The electrical apparatuses include personal computers or 
mobile telephones, and the polymer electrolyte fuel cell of 
the present invention can be used as the power source, backup 
power source, and the like for the electrical apparatuses. 
Examples of the transport apparatuses include motor vehicles , 
ships and vessels such as submarines, and the like; and the 
polymer electrolyte fuel cell of the present invention can 
be used as the power source of the transport apparatuses and 
the like. 

The membrane-electrode structure of the present 
invention can be advantageously produced by a method for 
producing a membrane -electrode structure comprising a pair 
of electrodes that comprise catalyst layers, and a solid 
polymer electrolyte membrane sandwiched by the catalyst layers 
of both electrodes wherein the catalyst layers are positioned 
in the inner circumference side than the outer circumferential 
edge of the solid polymer electrolyte membrane; at least one 
face of the solid polymer electrolyte membrane is coated with 
the catalyst layers and an adhesive support layer; and the 
adhesive support layer is formed throughout the entire 



circumference of the outer circumferential side of the catalyst 
layers, adheres to the solid polymer electrolyte membrane, 
and supports the solid polymer electrolyte membrane; 
characterized in comprising the steps of forming a solid 
polymer electrolyte membrane from a polymer electrolyte 
solution; forming irregularity having a maximum height R max 
of surface roughness within a range between 3 and 20 |xm on 
the area of the solid polymer electrolyte membrane coated by 
the adhesive support layer; forming the adhesive support layer 
by applying an adhesive having fluorine atoms in the molecular 
structure onto a sheet backing, and drying; and bonding the 
adhesive support layer formed on the sheet backing to the area 
where the irregularity of the solid polymer electrolyte 
membrane has been formed by pressing under heating. 

According to the producing method of the present invention , 
in the solid polymer electrolyte membrane , irregularity having 
a maximum height R max of surface roughness within a range between 
3 and 20 \xm is previously formed on the area of the solid polymer 
electrolyte membrane coated by the adhesive support layer, 
and the adhesive support layer is bonded to the area where 
the irregularity of the solid polymer electrolyte membrane 
has been formed by pressing under heating. As a result, a 
strong adhesive force can be obtained between the adhesive 
support layer and the solid polymer electrolyte membrane having 
the irregularity, and the adhesive support layer does not peel 
off even if it is exposed to a high- temperature high-humidity 
environment during the operation of the fuel cell . Therefore , 



the solid polymer electrolyte membrane extended outwardly from 
the outer circumferential edges of the catalyst layers is 
protected by the adhesive support layer, and the damage thereof 
can be prevented. 

The above-described irregularity is fine irregularity 
generally referred to as "wrinkle," and can be formed, for 
example, by pressing a mold having a surface roughness 
identical to the irregularity to the solid polymer electrolyte 
membrane. The irregularity has no effect to strengthen the 
adhesive force between the solid polymer electrolyte membrane 
and the adhesive support layer if the R max is less than 3 \xm. 
If the R max exceeds 20 \tm, a sufficient adhesiveness cannot 
be obtained between the solid polymer electrolyte membrane 
and the adhesive support layer, and the adhesive force is 
lowered by contrast. 

Brief Description of the Drawings 

FIG. 1 is an explanatory sectional view showing a 
constitution example of the membrane -electrode structure of 
the first embodiment; 

FIG. 2 is an explanatory sectional view showing another 
constitution example of the membrane -electrode structure of 
the first embodiment; 

FIG. 3 is an explanatory sectional view showing a 
constitution example of the membrane -electrode structure of 
the second embodiment ; 
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FIG. 4 is an explanatory sectional view showing another 
constitution example of the membrane -electrode structure of 
the second embodiment ; 

FIG. 5 is an explanatory sectional view showing the 
constitution of a membrane -electrode structure used in the 
measurement of the adhesive strength of the adhesive support 
layer, and in the test for examining the stress concentration 
in the vicinity of the edge portion of the adhesive support 
layer ; 

FIG. 6 is an explanatory sectional view showing the 
constitution of a membrane -electrode structure used in the 
measurement of the withstand pressure of the diffusion layer 
consisting of a porous material; 

FIG. 7 is a graph showing the load versus the quantity 
of plastic deformation as an index of the withstand pressure 
of the diffusion layer consisting of a porous material; 

FIG. 8 is an explanatory sectional view showing a 
constitution example of a conventional membrane -electrode 
structure; and 

FIG. 9 is an explanatory sectional view showing a 
constitution example of another conventional 
membrane -electrode structure . 

Best Mode for Carrying Out the Invention 

Next, the first embodiment of the present invention will 
be described. 



As FIG. 1 shows, the membrane -electrode structure la 
comprises a solid polymer electrolyte membrane 2 , a pair of 
catalyst layers 3 and 4 that sandwich the solid polymer 
electrolyte membrane 2 , and a pair of porous diffusion layers 
5 and 6 laminated on both the catalyst layers 3 and 4. In 
the membrane -electrode structure la, a catalyst layer 3 and 
a porous diffusion layer 5 form an electrode 7; and a catalyst 
layer 4 and a porous diffusion layer 6 form an electrode 8. 

The solid polymer electrolyte membrane 2 is formed to 
be larger than the catalyst layers 3 and 4, and the catalyst 
layers 3 and 4 are laminated to position in the inner 
circumference side than the outer circumferential edge of the 
solid polymer electrolyte membrane 2. One face of the solid 
polymer electrolyte membrane 2 is coated with a catalyst layer 
4, and an adhesive support layer 9 that is adhered to the solid 
polymer electrolyte membrane 2 and supports the solid polymer 
electrolyte membrane 2 . The adhesive support layer 9 is formed 
on the entire outer circumference side of the catalyst layer 
4, and the catalyst layer 4 and the adhesive support layer 
9 are coated with the porous diffusion layers 6 . On the other 
face of the solid polymer electrolyte membrane 2, the portion 
that extends outwardly from the outer circumferential edge 
of the catalyst layer 3 is exposed. 

In the membrane -electrode structure la, the catalyst 
layer 3 is formed to be larger than the catalyst layer 4, and 
the outer circumferential edge of the catalyst layer 4 is 
positioned in the inner circumference side than the outer 



circumferential edge of the catalyst layer 3 , with sandwiching 
the solid polymer electrolyte membrane 2. However, as the 
membrane -elect rode structure lb shown in FIG. 2, the catalyst 
layer 4 may be formed to be larger than the catalyst layer 
3, and the outer circumferential edge of the catalyst layer 
3 may be positioned in the inner circumference side than the 
outer circumferential edge of the catalyst layer 4, with 
sandwiching the solid polymer electrolyte membrane 2 . 

The solid polymer electrolyte membrane 2 is formed of 
a polymer electrolyte such as a perf luoroalkylene sulfonic 
acid polymer compound (e.g. , Nafion (trade name) manufactured 
by DuPont) and a sulfonated polyarylene compound, and has a 
dry membrane thickness of, for example, 50 \xm. 

The catalyst layers 3 and 4 are formed of catalyst 
particles and an ion-conductive binder. As the catalyst 
particles, for example, platinum particles supported by carbon 
black (furnace black) so that platinum: carbon particles = 1:1 
(ratio by weight), are used. As the ion -conductive binder, 
the above -described polymer electrolyte is used. 

The porous diffusion layers 5 and 6 are formed of carbon 
paper and a backing layer (not shown) on the carbon paper. 
The backing layer is, for example, a 4:6 (ratio by weight) 
mixture of carbon black and polytetraf luoroethylene particles , 
and the catalyst layers 3 and 4 are formed on the backing layer. 

The adhesive support layer 9 is formed of an adhesive 
that has fluorine atoms in the molecular structure thereof. 
It is preferable that the adhesive contains a polysiloxane 
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compound and a molecule that has at least two alkenyl groups , 
and cures when the alkenyl groups cross-link with the 
polysiloxane compound. It is also preferable that the 
adhesive has a tensile elongation at break of 150% or more 
after curing. 

Examples of such adhesives include an adhesive produced 
by mixing and agitating 100 parts by weight of the polymer 
represented by the following formula ( 1 ) (viscosity: 4 . 4 Pa-s ; 
average molecular weight: 16,500; quantity of vinyl groups: 
0.012 mol/100 g) ; 4 parts by weight of organo- hydrogen 
polysiloxane (CR-100 (trade name) manufactured by Kaneka 
Corporation); 8 parts by weight of a plasticizer (PAO-5010 
(trade name) manufactured by Idemitsu Petrochemical Co. , 
Ltd.); 12 parts by weight of fumed silica (manufactured by 
Tosoh Silica Corporation); and 3 parts by weight of 
organo-silane (KBM-303 ( trade name ) manufactured by Shin-Etsu 
Chemical Co., Ltd.); and defoaming; to which 
bis ( 1 , 3-divinyl-i , 1,3, 3- tetramethyl disiloxane) -platinum 
catalyst is added as a reaction catalyst so that the content 
of platinum is 5 x 10' 4 equivalent weights to the number of 
moles of the vinyl groups in the polymer represented by the 
following formula (1) 
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[ where, Rf = -(CF0CF2)x-(CF20CF)y- ^7=97 \ 
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I CF3 CFa ; 

Alternatively, another example of such adhesives is an 
adhesive produced by mixing and agitating 100 parts by weight 
of methyl(3, 3, 3 -trif luoropropyl )polysiloxane of which both 
ends of the molecular chain are blocked by dimethylvinylsiloxy 
groups (viscosity: 1.0 Pas; content of vinyl groups bonded 
to silicon atoms: 1.0% by weight); 3.5 parts by weight of 
dimethylhydrogensiloxy( 3 , 3 , 3- trif luoropropyl )polysiloxane 
of which both ends of the molecular chain are blocked by 
dimethylhydrogensiloxy groups (viscosity: 0.01 Pa s; content 
of vinyl groups bonded to silicon atoms: 0.5% by weight) ; and 
0.01 parts by weight of ferrocene; and defoaming; to which 
bis (1,3- divinyl -1,1,3,3- tetramethyl disiloxane ) - platinum 
catalyst is added as a reaction catalyst so that the ratio 
by weight of platinum to 

methyl (3,3,3- trif luoropropyl ) polysiloxane of which both ends 
of the molecular chain are blocked by dimethylvinylsiloxy 
groups is 5 ppm . 

In this embodiment, the membrane -electrode structures 
la and lb are produced as follows : 

First, a solid polymer electrolyte membrane 2 is formed 
using the casting method from an organic solvent solution of 
perf luoroalkylene sulfonic acid polymer compound (e.g., 
Nafion (trade name) manufactured by DuPont), a sulfonated 



polyarylene compound, and the like. The solid polymer 
electrolyte membrane 2 has a dry membrane thickness of, for 
example, 50 jim. 

Next, a mold having a maximum height R roax of surface 
roughness within a range between 5 and 50 \im is pressed under 
heating against the region where the adhesive support layer 
9 is formed throughout the entire outer circumference side 
of the region to form the catalyst layer 4 on the side of the 
solid polymer electrolyte membrane 2 where the catalyst layer 

4 is formed. As a result, the surface pattern of the mold 
is transferred, and irregularity having a maximum height R max 
of surface roughness within a range between 3 and 20 fxiri is 
formed on the region where the adhesive support layer 9 of 
the solid polymer electrolyte membrane 2 is formed. 

Next, catalyst particles wherein platinum particles are 
supported by carbon black are evenly dispersed in an 
ion -conductive binder consisting of the polymer electrolyte 
solution to prepare a catalyst paste. 

Next, a slurry wherein the mixture of carbon black and 
polytetraf luoroethylene (PTFE) is evenly dispersed in 
ethylene glycol is applied on one face of carbon paper and 
dried to form a backing layer, and porous diffusion layers 

5 and 6 each consisting of the carbon paper and the backing 
layer are formed. At this time, the porous diffusion layer 
5 is formed in the size within the size of the inner circumference 
side of the outer circumferential edge of the solid polymer 
electrolyte membrane 2, and the porous diffusion layer 6 is 



formed in the same size as the solid polymer electrolyte 
membrane 2 . 

Next , the catalyst paste is applied onto the entire surface 
of the backing layer of the porous diffusion layer 5 , and dried 
to form a catalyst layer 3. On the other hand, on the porous 
diffusion layer 6, the adhesive is applied to the entire 
circumference of the portion to become the outer circumference 
side of the catalyst layer 4 to form an adhesive support layer 
9. Then, the catalyst paste is applied to the inner 
circumference side of the adhesive support layer 9, and dried 
to form the catalyst layer 4. 

At this time, in the membrane -electrode structure la, 
the catalyst layer 4 is formed in the size within the size 
of the inner circumference side of the outer circumferential 
edge of the catalyst layer 3. In the membrane -electrode 
structure lb, the catalyst layer 3 is formed in the size within 
the size of the inner circumference side of the outer 
circumferential edge of the catalyst layer 4. 

Next, the porous diffusion layer 5 having the catalyst 
layer 3 formed thereon, and the porous diffusion layer 6 having 
the catalyst layer 4 formed thereon and the adhesive support 
layer 9 formed on the entire circumference side of the catalyst 
layer 4 are laminated with the polymer electrolyte membrane 

2 at the sides having the catalyst layers 3 and 4 , respectively, 
and compressed under heating. As a result , the catalyst layers 

3 and 4 are bonded to the solid polymer electrolyte membrane 



2 and integrated to form the membrane -electrode structures 
la and lb. 

Next , the second embodiment of the present invention will 
be described . 

As FIG. 3 shows, the membrane -electrode structure lc of 
this embodiment has the same constitution as the 
membrane-electrode structure la shown in FIG. 1. except that 
the adhesive that constitutes the adhesive support layer 9 
is permeated into the porous diffusion layer 6 in the region 
where the porous diffusion layer 6 coats the adhesive support 
layer 9 to form an adhesive -permeated layer 10. 

In the adhesive -permeated layer 10, the adhesive is 
permeated into the porous diffusion layer 6 in the filling 
rate to the void portion of the porous diffusion layer 6 within 
a range between 30 and 100% . As a result , the adhesive support 
layer 9 and the porous diffusion layer 6 are integrated through 
the adhesive -permeated layer 10. 

In the membrane -electrode structure lc, the catalyst 
layer 3 is formed to be larger than the catalyst layer 4 , and 
the outer circumferential edge of the catalyst layer 4 is 
positioned on the inner circumference side than the outer 
circumferential edge of the catalyst layer 3 , with sandwiching 
the solid polymer electrolyte membrane 2. However, as in the 
membrane- electrode structure Id shown in FIG. 4, the catalyst 
layer 4 may be formed to be larger than the catalyst layer 
3, and the outer circumferential edge of the catalyst layer 
3 is positioned on the inner circumference side than the outer 



circumferential edge of the catalyst layer 4 , with sandwiching 
the solid polymer electrolyte membrane 2 . 

In this embodiment. Examples of the adhesives include 
an adhesive produced by mixing and agitating 100 parts by weight 
of the polymer represented by the following formula (1) 
(viscosity: 4.4 Pas; average molecular weight: 16,500; 
quantity of vinyl groups: 0.012 mol/100 g) ; 5 parts by weight 
of organo -hydrogen polysiloxane (CR-100 (trade name) 
manufactured by Kaneka Corporation); 8 parts by weight of a 
plasticizer (PAO-5010 (trade name) manufactured by Idemitsu 
Petrochemical Co. , Ltd. ) ; 12 parts by weight of fumed silica 
(manufactured by Tosoh Silica Corporation); and 3 parts by 
weight of organo- silane (KBM-303 (trade name) manufactured 
by Shin-Etsu Chemical Co., Ltd.); and defoaming; to which 
bis ( 1 , 3-divinyl-l , 1 , 3 , 3- tetramethyl disiloxane) -platinum 
catalyst is added as a reaction catalyst so that the content 
of platinum is 5 x 10" 4 equivalent weights to the number of 
moles of the vinyl groups in the polymer represented by the 
following formula (1) 

^^N-C-Rf»-C-N-€f ^ 



( where . Rf = -(CF0CF2>-(CF20CF>- = 97 
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Alternatively, another example of such adhesives is an 
adhesive produced by mixing and agitating 100 parts by weight 
of methyl(3,3,3-trifluoropropyl)polysiloxane of which both 
ends of the molecular chain are blocked by dimethylvinylsiloxy 
groups (viscosity: 1.0 Pas; content of vinyl groups bonded 
to silicon atoms: 1.0% by weight); 3.5 parts by weight of 
dimethylhydrogensiloxy ( 3,3, 3-trif luoropropyDpolysiloxane 
of which both ends of the molecular chain are blocked by 
dimethylhydrogensiloxy groups (viscosity: 0.01 Pa s; content 
of vinyl groups bonded to silicon atoms: 0.5% by weight) ; and 
0.01 parts by weight of ferrocene; and defoaming; to which 
bis( 1 , 3-divinyl-l , 1 , 3 , 3- tetramethyl disiloxane ) -platinum 
catalyst is added as a reaction catalyst so that the ratio 
by weight of platinum to 

methyl (3,3,3- trif luoropropyl ) polysiloxane of which both ends 
of the molecular chain are blocked by dimethylvinylsiloxy 
groups is 5 ppm . 

In FIGS. 1 to 4, although the outer circumferential edge 
of the catalyst layer 4 and the inner circumferential edge 
of the adhesive support layer 9 are formed in close contact 
to each other, the adhesive support layer 9 may be formed on 
the entire circumference side of the catalyst layer 4, and 
a gap may be formed between the outer circumferential edge 
of the catalyst layer 4 and the inner circumferential edge 
of the adhesive support layer 9 . Also in FIGS . 1 to 4 , although 
the porous diffusion layer 5 of the same size as the catalyst 
layer 3 is laminated on the catalyst layer 3 on the face opposite 
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to the face where the adhesive support layer 9 is formed, the 
porous diffusion layer 5 may be larger than the catalyst layer 
3 , and may have . for example . the same as the porous diffusion 
layers 2 . 

Furthermore, in FIGS. 1 to 4 , although only one face of 
the solid polymer electrolyte membrane 2 is coated with the 
catalyst layer 4 and the adhesive support layer 9 , the adhesive 
support layer 9 may be formed throughout the entire outer 
circumference side of the catalyst layer 3 on the other face, 
which may be coated with the catalyst layer 3 and the adhesive 
support layer 9. In this case, the adhesive support layer 
9 may coat at least a part of the solid polymer electrolyte 
membrane 2 extended outwardly from the outer circumferential 
edge of the catalyst layer 3, and is not required to coat the 
entire face. 

In the membrane -electrode structures la, lb, lc, and Id, 
the electrode 7 is made to be a fuel electrode (anode), and 
a reducing gas such as hydrogen and methanol is introduced 
into the catalyst layer 3 through the porous diffusion layer 
5; on the other hand, the electrode 8 is made to be an oxygen 
electrode (cathode) /and an oxidizing gas such as air and oxygen 
is introduced into the catalyst layer 4 through the porous 
diffusion layer 6. By doing so, in the fuel electrode 
(electrode 7) side, protons and electrons are produced from 
the reducing gas by the action of the catalyst contained in 
the catalyst layer 3, and the protons move to the catalyst 
layer 4 in the oxygen electrode (electrode 8) side via the 



.. - .25 - 

» 

solid polymer electrolyte membrane 2 . The protons react with 
the oxidizing gas and electrons introduced into the catalyst 
layer 4 to form water by the action of the catalyst contained 
in the catalyst layer 4. Therefore, by connecting the fuel 
electrode to the oxygen electrode through a conductive wire, 
a circuit for transporting the electrons produced in the fuel 
electrode to the oxygen electrode is formed to abstract 
electric current, and the membrane -electrode structures la, 
lb, lc, and Id can be used as a fuel cell. 

Next, Examples and Comparative Examples will be shown. 

[Example 1] 

In this example, an adhesive was first prepared by mixing 
and agitating 100 parts by weight of the polymer represented 
by the following formula (1) (viscosity: 4.4 Pas; average 
molecular weight: 16,500; quantity of vinyl groups: 0.012 
mol/100 g) ; 4 parts by weight of organo- hydrogen polysiloxane 
(CR-100 (trade name) manufactured by Kaneka Corporation); 8 
parts by weight of a plasticizer (PAO-5010 (trade name) 
manufactured by Idemitsu Petrochemical Co. , Ltd. ) ; 12 parts 
by weight of fumed silica (manufactured by Tosoh Silica 
Corporation) ; and 3 parts by weight of organo-silane (KBM-303 
(trade name) manufactured by Shin-Etsu Chemical Co. , Ltd. ) ; 
defoaming; and adding a xylene solution (8.3 x 10" 5 mol/jil) 
of bis ( 1 , 3 - divinyl -1,1,3,3- t etramethyl 

disiloxane) -platinum catalyst as a reaction catalyst so that 
the content of platinum is 5 x 10" 4 equivalent weights to the 



number of moles of the vinyl groups in the polymer represented 
by the following formula (1). 




Oh 



Oh=CH-Si 



Si-CH=CH2 
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where. Rf 1 = -(CF0CF2>-(CF20CF)r ^y=w 
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The tensile elongation at break of the above -described 
adhesive, measured in accordance with JIS K 6301 was 210%. 

Next , a sulfonated polyarylene compound was prepared by 
adding concentrated sulfuric acid to a polyarylene compound 
represented by the following formula (2). 



In the above formula (2), n:m = 0.5 to 100:99.5 to 0, 
and 1 denotes an integer of 1 or greater. 

The term "sulfonated polyarylene compound" used herein 
means a sulfonated product of a polymer having a structure 
represented by the following formula: 



O-o, 




(2) 
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(where -X- denotes a single bond or a divalent organic group; 
-W- denotes a divalent electron- attracting group; -T- denotes 
a divalent organic group; each of Rl to R8 denotes a fluorine 
atom, hydrogen atom, alkyl group, aryl group or allyl group, 
which may be identical to or different from each other; p denotes 
a number from 0.5 to 100; q denotes a number from 99.5 to 0; 
r denotes an integer from 0 to 10; and s denotes an integer 

from 1 to 100. ) 

Examples of the above -de scribed divalent organic groups 

may include electron-attracting groups such as -CO-. -CONH-. 
-(CF 2 ) P - (where p is an integer from 1 to 10) , -C(CF 3 ) 2 -. -COO-. 
-SO- or -S0 2 -. groups such as -O- . -S-. -CH=CH- , or -CsC-, 
and electron-donating groups represented by the following 

formula: 



s 




0 




Examples of the above- described divalent 
electron-attracting groups may include groups such as -CO- . 
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-CONH-. -(CF 2 ) P - (where pis an integer from 1 to 10), -C(CF 3 ) 2 -. 

-COO- , -SO- or -SO2-. 

The polyarylene compound represented by the formula (2) 
was prepared by the following procedures. 

First, 67.3 parts by weight of 
2 . 2 -bis ( 4 -hydrophenyl )-l,l,l,3,3. 3 -hexaf luoropropane 
(bisphenol AF) , 53.5 parts by weight of 
4,4'-dichlorobenzophenone. and 34.6 parts by weight of 
potassium carbonate were added into a mixed solvent consisting 
of N,N-dimethylacetamide and toluene, and the mixture was 
heated in a nitrogen atmosphere and allowed to react at 130°C 
while stirring. Water formed as a result of the reaction was 
removed out of the system by azeotropic distillation with 
toluene, and the reaction was continued until water was no 
longer formed. Thereafter, the reaction temperature was 
gradually raised up to 150°C to remove toluene. The reaction 
was continued at 150°C for 10 hours, and then, 3.3 parts by 
weight of 4 , 4 • -dichlorobenzophenone was added thereto, 
followed by the reaction for 5 hours. 

After cooling the obtained reaction solution, the 
precipitate of an inorganic compound formed as a by-product 
was removed by filtration, and the filtrate was poured into 
methanol . The precipitated product was filtered, recovered, 
dried, and then dissolved in tetrahydrofuran. The solution 
was subjected to reprecipitation from methanol to obtain an 
oligomer represented by the following formula (3) (yield: 93%) . 
In the formula (3), the mean value of 1 was 18.9. 
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Next. 28.4 parts by weight of the oligomer represented 
by the above formula (3), 29.2 parts by weight of 
2 . 5-dichloro-4 ' - ( 4-phenoxy)phenoxybenzophenone, 1 . 37 parts 
by weight of bis (triphenylphosphine) nickel dichloride. 1.36 
parts by weight of sodium iodide, 7.34 parts by weight of 
triphenylphosphine , and 11 . 0 parts by weight of zinc duct ware 
mixed in a flask, and the mixture was held in dry nitrogen 
gas for nitrogen substitution. Then, N-methyl-2-pyrrolidone 
was added thereto, and the mixture was heated to 80°C and 
polymerized for 4 hours while stirring. The polymerization 
solution was diluted with tetrahydrofuran, solidified with 
hydrochloric acid/methanol , and recovered. The recovered 
product was repeatedly washed with methanol, and dissolved 
in tetrahydrofuran. The solution was subjected to 
reprecipitation from methanol for purification, and the 
precipitated polymer was dried in vacuo to obtain a polyarylene 
compound represented by the formula (2) (yield: 96%). 

Next, the sulfonation of the polyarylene compound 
represented by the formula (2) was carried out by adding 96% 
sulfuric acid to the polyarylene compound, and stirring the 
mixture for 24 hours in a nitrogen flow . The obtained solution 
was poured into a large quantity of ion-exchanged water to 
precipitate the polymer, the polymer was repeatedly washed 
until the pH of the washing water becomes 5 , and dried to obtain 



a sulfonated polyarylene compound of an ion-exchange capacity 

of 2.0 meq/g (yield: 96%). 

Next, the sulfonated polyarylene compound was dissolved 
in N-methylpyrrolidone to prepare a polymer electrolyte 
solution, a membrane was formed from the polymer electrolyte 
solution by the casting method, and the membrane was dried 
to prepare a solid polymer electrolyte membrane 2 of a dry 

membrane thickness of 50 \m. 

Next, platinum particles were supported by carbon black 
(furnace black) at a weight ratio of carbon black : platinum 
- 1 « 1 to prepare catalyst particles. Next, the catalyst 
particles were evenly dispersed in a solution of 
perf luoroalkylene sulfonic acid polymer as a ion -conductive 
polymer binder solution (e.g.. Nafion (trade name) 
manufactured by DuPont) at a weight ratio of catalyst 
particles : binder solution - 1 . 1 to prepare a catalyst paste. 

Next, a slurry prepared by evenly dispersing the mixture 
obtained by mixing carbon black and polytetraf luoroethylene 
( PTFE ) particles at a weight ratio of 4 : 6 in ethylene glycol 
was applied onto a side of carbon paper and dried to form a 
backing layer . and a porous diffusion layers 5 and 6 consisting 
of the carbon paper and the backing layer were formed. The 
porous diffusion layer 5 had a size within the size of the 
inner circumference side of the outer circumferential edge 
of the solid polymer electrolyte membrane 2, and the porous 
diffusion layer 6 had a size same as the size of the solid 
polymer electrolyte membrane 2. 



Next, the catalyst paste was applied onto the entire 
surface of the backing layer of the porous diffusion layer 
5 by screen printing so that the platinum content becomes 0.5 
mg/cm 2 . heated at 60°C for 10 minutes, heated under a reduced 
pressure at 120°C for 15 minutes, and dried to form a catalyst 
layer 3. 

Next . the adhesive was applied to the entire circumference 
of the portion to be the outer circumference side of the catalyst 
layer 4 of the porous diffusion layer 6 to form an adhesive 
support layer 9. Next, the catalyst paste was applied onto 
the inner circumference side of the adhesive support layer 
9 formed on the porous diffusion layer 6 by screen printing 
so that the platinum content becomes 0.5 mg/cm 2 , heated at 
60°C for 10 minutes, heated under a reduced pressure at 120°C 
for 15 minutes, and dried to form a catalyst layer 4. The 
catalyst layer 4 had a size within the inner circumference 
side of the outer circumferential edge of the catalyst layer 
3. 

Next, the solid polymer electrolyte membrane 2 was 
sandwiched between the catalyst layers 3 and 4 . and integrated 
with the catalyst layers 3 and 4 by hot-pressing at 150°C and 
2.5 MPa for 15 minutes to produce a membrane -electrode 
structure la shown in FIG. 1. 

Next, in order to be used for the measurement of the 
adhesive strength of the adhesive support layer 9 and the test 
for examining the stress concentration of the solid polymer 
electrolyte membrane 2 in the vicinity of the edge portion 
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of the adhesive support layer 9 . amembrane-electrode structure 
lla shown in FIG. 5 was produced. The membrane-electrode 
structure lla has the same constitution as the 
membrane-electrode structure la other than the following 

aspects: 

(1) The catalyst layers 3 and 4 have the same size, and are 
laminated so that the outer circumferential edges are aligned 
to each other, with sandwiching the solid polymer electrolyte 
membrane 2 . 

(2) The porous diffusion layer 5 is extended outwardly from 
the outer circumferential edge of the catalyst layer 3. 

(3) The solid polymer electrolyte membrane 2 and the porous 
diffusion layer 6 are extended outwardly from the outer 
circumferential edge of the adhesive support layer 9. 

( 4 ) A gap 9a is formed between the outer circumferential edge 
of the catalyst layer 4 and the inner circumferential edge 
of the adhesive support layer 9. 

Next, after allowing the membrane -electrode structure 
lla to stand in an environment of 23°C and a relative humidity 
of 30% for 100 hours, only the carbon paper peeled off the 
porous diffusion layer 5. and cut into a strip of a width of 

1 cm in the cross -sectional direction to prepare a test piece. 

Next , the ends of the solid polymer electrolyte membrane 

2 extended outwardly from the outer circumferential edge of 
the adhesive support layer 9 and the porous diffusion layer 
6 were held, and were pulled in directions opposite to each 
other at a speed of 1 mm/ sec to measure the load when the adhesive 
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support layer 9 peeled off as the peel strength. The 
measurements were carried out for 5 test pieces, and the mean 
value was calculated as the initial strength. The results 

are shown in Table 1 . 

Next, considering a high- temperature high-humidity 
environment during the operation of the fuel cell, the test 
piece was held between punching sheets made of 
polytetrafluoroethylene. and the cycles of the operations to 
immerse the test piece in water of 95°C for 5 hours applying 
a load of a surface pressure of 490 kPa, and to dry it at 100°C 
for 5 hours, were repeated. After each of 10, 50, 100, and 
200 cycles of the above operations, the peel strength of the 
test piece was obtained in the same manner as in the 
above-described initial strength. The results are shown in 
Table 1. 

Also after each of 10. 50. 100. and 200 cycles of the 
above operations , the presence of cracks in the portion facing 
the gap 9a of the solid polymer electrolyte membrane 2 and 
the portion in the vicinity of the outer circumferential edge 
of the adhesive support layer 9 was observed through an optical 
microscope and a scanning electron microscope to use the 
results as an index of stress concentration after each cycle. 
The more the cracks in the above portions , the larger the stress 
concentration. The results are shown in Table 2. 
[Example 2] 

in this example, an adhesive was prepared in the same 
manner as in Example 1 except that the quantity of compounded 
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fumed silica was 20 parts by weight. The tensile elongation 
at break after curing of the above adhesive measured in the 
same manner as in Example 1 was 150%. 

Next, a membrane-electrode structure la shown in FIG. 
1 and a membrane-electrode structure 11a shown in FIG. 5 were 
produced in the same manner as in Example 1 except that the 
adhesive prepared in this example was used in place of the 
adhesive used in Example 1, and the stress concentration of 
the solid polymer electrolyte membrane 2 was examined in the 
same manner as in Example 1. The results are shown in Table 
2. 

[Example 3] 

in this example, an adhesive was produced by mixing and 
agitating 100 parts by weight of 

methyl ( 3 . 3 . 3 - tr if luor opr opyl ) polysiloxane of which both ends 
of the molecular chain are blocked by dimethylvinylsiloxy 
groups (viscosity: 1.0 Pas; content of vinyl groups bonded 
to silicon atoms: 1.0% by weight); 3.5 parts by weight of 
dimethylhydrogensiloxy ( 3 , 3 . 3-trif luoropropyl) polysiloxane 
of which both ends of the molecular chain are blocked by 
dimethylhydrogensiloxy groups (viscosity: 0.01 Pas; content 
of vinyl groups bonded to silicon atoms: 0.5% by weight) ; and 
0.01 parts by weight of ferrocene; and def earning; to which 
a xylene solution (8.3 x 10" 5 mol/^D of 

bis ( 1 . 3-divinyl-l . 1 . 3 , 3-tetramethyl disiloxane) -platinum 
catalyst was added as a reaction catalyst so that the ratio 
by weight of platinum to 
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methyl ( 3 . 3 . 3-trif luoropropyl) polys iloxane of which both ends 
of the molecular chain are blocked by dimethylvinylsiloxy 
groups was 5 ppm. The tensile elongation at break after curing 
of the above adhesive measured in the same manner as in Example 
1 was 250%. 

Next, a membrane -electrode structure la shown in FIG. 
1 and a membrane -electrode structure 11a shown in FIG. 5 were 
produced in the same manner as in Example 1 except that the 
adhesive prepared in this example was used in place of the 
adhesive used in Example 1 . and the peel strength of the adhesive 
support layer 9 was measured in the same manner as in Example 
1. The results are shown in Table 1. 

The stress concentration of the solid polymer electrolyte 
membrane 2 was examined in the same manner as in Example 1 . 
The results are shown in Table 2. 
[Comparative Example 1] 

in this comparative example, an adhesive was prepared 
in the same manner as in Example 1 except that an isobutylene 
resin that contains no fluorine atoms in the molecule thereof 
(Epion (trade name) manufactured by Kaneka Corporation) was 
used in place of the polymer represented by the formula (1) . 

Next, a membrane-electrode structure la shown in FIG. 
1 and a membrane-electrode structure 11a shown in FIG. 5 were 
produced in the same manner as in Example 1 except that the 
adhesive prepared in this example was used in place of the 
adhesive used in Example 1 , and the peel strength of the adhesive 



support layer 9 was measured in the same manner as in Example 
1. The results are shown in Table 1. 
[Comparative Example 2] 

In this comparative example, a membrane -elect rode 
structure la shown in FIG. 1 and a membrane -elect rode structure 
lla shown in FIG. 5 were produced in the same manner as in 
Example 1 except that a silicone-based adhesive not containing 
fluorine atoms in the molecule ( 1209 (tradename) manufactured 
by Three Bond Co.. Ltd.) was used in place of the adhesive 
used in Example 1 . and the adhesive support layer 9 was measured 
in the same manner as in Example 1. The results are shown 

in Table 1. 

[Comparative Example 3] 

in this comparative example, a membrane -electrode 
structure la shown in FIG. 1 and a membrane -elect rode structure 
lla shown in FIG. 5 were produced in the same manner as in 
Example 1 except that a silicone-based adhesive not containing 
fluorine atoms in the molecule (1211 (tradename) manufactured 
by Three Bond Co.. Ltd.) was used in place of the adhesive 
used in Example 1 . and the adhesive support layer 9 was measured 
in the same manner as in Example 1 . The results are shown 

in Table 1. 

[Comparative Example 4] 

in this comparative example, an adhesive was prepared 
in the same manner as in Example 1 except that the quantity 
of compounded fumed silica was 30 parts by weight . The tensile 



elongation at break after curing of the above adhesive measured 
in the same manner as in Example 1 was 120%. 

Next . the a membrane -electrode structure la shown in FIG . 
1 and a membrane- electrode structure 11a shown in FIG. 5 were 
produced in the same manner as in Example 1 except that the 
adhesive prepared in this comparative example was used in place 
of the adhesive used in Example 1 . and the stress concentration 
of the solid polymer electrolyte membrane 2 was examined in 
the same manner as in Example 1. The results are shown in 

Table 2. 

[Comparative Example 5] 

in this comparative example, an adhesive was prepared 
in the same manner as in Example 1 except that the quantity 
of compounded fumed silica was 40 parts by weight . The tensile 
elongation at break after curing of the above adhesive measured 
in the same manner as in Example 1 was 90%. 

Next, the a membrane -electrode structure la shown in FIG. 
1 and a membrane-electrode structure 11a shown in FIG. 5 were 
produced in the same manner as in Example 1 except that the 
adhesive prepared in this comparative example was used in place 
of the adhesive used in Example 1 , and the stress concentration 
of the solid polymer electrolyte membrane 2 was examined in 
the same manner as in Example 1. The results are shown in 
Table 2. 
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[Table 1] Peel strength of adhesive support layer 9 (gf/cm) 
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It is obvious from Table 1 that the adhesive support layer 
9 consisting of an adhesive that contains fluorine molecules 
in the molecules thereof (Examples 1 and 3) has a high peel 
strength even after the treatments assuming ahigh- temperature 
high-humidity environment during the operation of the fuel 
cell are repeated for 200 cycles, and a high adhesive strength 
can be obtained. Whereas, it is obvious that the adhesive 
support layer 9 consisting of an adhesive that contains no 
fluorine molecules in the molecules thereof (Comparative 
Examples 1 to 3) has a low initial peel strength, and easily 



peels off by the above -described, and sufficient adhesive 
strength cannot be obtained. 

It is also obvious from Table 2 that when the adhesive 
support layer 9 consisting of the adhesive that has the tensile 
elongation at break is 150% or more after curing is used 
(Examples 1 to 3) , no cracks were observed in the solid polymer 
electrolyte membrane 2 even after the treatments assuming a 
high- temperature high-humidity environment during the 
operation of the fuel cell are repeated for 200 cycles, and 
stress concentration is relaxed. Whereas , it is obvious that 
when the adhesive support layer 9 consisting of the adhesive 
that has the tensile elongation at break is less than 150% 
after curing is used (Comparative Examples 4 and 5) , the solid 
polymer electrolyte membrane 2 is easily cracked, and stress 
concentration cannot be relaxed. 

[Example 4] 

In this example , the membrane formed by the casting method 
from the polymer electrolyte solution same as in Example 1 
was dried in an oven at a temperature of 80°C for 2 hours to 
prepare a solid polymer electrolyte membrane 2 of a dry membrane 
thickness of 50 [xm. The obtained solid polymer electrolyte 
membrane 2 was immersed in distilled water for 24 hours to 
remove impurities, and dried. 

Next, the membrane -electrode structure la shown in FIG. 
1 and the membrane -electrode structure 11a shown in FIG. 5 
were produced in the same manner as in Example 1 except that 
irregularity (not shown) of the maximum height R max of surface 



s 



- .40 - 



roughness within a range between 3 and 20 \xm on the region 
where the adhesive support layer 9 of the solid polymer 
electrolyte membrane 2 is formed using the solid polymer 
electrolyte membrane 2 prepared in this embodiment, in place 
of the solid polymer electrolyte membrane 2 used in Example 
1. 

The above -described irregularity was formed by pressing 
a mold having "wrinkle" of which the maximum height R max of 
the surface roughness was within a range between 5 and 50 nm 
against the region where the adhesive support layer 9 was formed 
on the entire circumference of the outer circumference side 
of the region where the catalyst layer 4 was formed on the 
side where the catalyst layer 4 of the solid polymer electrolyte 
membrane 2, at 40°C and 10 MPa for 10 minutes. As a result, 
the pattern of the "wrinkle" of the mold was transferred, and 
the irregularity was formed on the region where the adhesive 
support layer 9 of the solid polymer electrolyte membrane 2 
was formed. 

Next , the peel strength ( initial strength) of the adhesive 
support layer 9 in the membrane -electrode structure 11a 
obtained in this example was measured in the same manner as 
in Example 1, and the result was 208 gf/cm. Therefore, 
according to the producing method of the present invention, 
it is obvious that an adhesive support layer 9 having a higher 
adhesive strength than the adhesive support layer 9 of the 
membrane -electrode structures la and 11a obtained in Examples 
1 and 3, respectively can be obtained. 
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[Example 5] 

In this example, an adhesive was first prepared in the 
same manner as in Example 1 , except that the quantity of the 
organo- hydrogen polysiloxane used was 5 parts by weight . Next , 
a membrane -electrode structure lc shown in FIG. 3 was produced 
in the same manner as in Example 1, except that the catalyst 
paste was heated to dry at 120°C for 30 minutes under a reduced 
pressure when the catalyst layer 3 was formed, and the 
above-described adhesive was permeated in the region where 
the porous diffusion layer 6 coats the adhesive support layer 
9 to form an adhesive permeated layer 10 when the adhesive 
support layer 9 was formed. 

In this example , the above-described adhesive was applied 
onto the entire circumference of the portion to be the outer 
circumference side of the catalyst layer 4 of the porous 
diffusion layer 6 using a screen-printing machine (MT-750T 
(trade name) manufactured by Microtek Inc.) to form the 
adhesive support layer 9. At this time, the above -described 
adhesive was permeated into the region where the porous 
diffusion layer 6 coats the adhesive support layer 9 using 
a stainless-steel (SUS 304) screen of a wire diameter of 30 
\xm and an opening of 250 mesh/ inch in the above -described 
screen-printing machine, so that the filling rate to the void 
portion of the porous diffusion layer 6 was 40%, to form an 
adhesive permeated layer 10. 

Next , in order to measure the withstand pressure strength 
of the porous diffusion layer 6 , a membrane -electrode structure 



lib shown in FIG. 6 was produced. The membrane -electrode 
structure lib has the same constitution as the constitution 
of the membrane-electrode structure lc other than the following 
aspects : 

(1) The catalyst layers 3 and 4 have the same size, and are 
laminated so that the outer circumferential edges are aligned 
to each other, with sandwiching the solid polymer electrolyte 
membrane 2 . 

(2) The porous diffusion layer 5 is extended outwardly from 
the outer circumferential edge of the catalyst layer 3. 

(3) The solid polymer electrolyte membrane 2 and the porous 
diffusion layer 6 are extended outwardly from the outer 
circumferential edge of the adhesive support layer 9 . 

(4) A gap 9a is formed between the catalyst layer 4 and the 
adhesive support layer 9 . 

Next, after allowing the membrane -electrode structure 
lib to stand in an environment of 23°C and a relative humidity 
of 30% for 12 hours, and after a load of 0 to 800 N/cm 2 was 
applied to the area where the adhesive support layer 9 and 
the adhesive -permeated layer 10 were formed, the load was 
released, the quantity of plastic deformation of the porous 
diffusion layer 6 of the area due to the load was measured 
to make it as the index of the withstand pressure strength 
of the porous diffusion layer 6. The results are shown in 
FIG. 7. 



[Example 6] 

In this example, the membrane-electrode structure lc 
shown in FIG. 3 and the membrane -electrode structure lib shown 
in FIG. 6 were produced in the same manner as in Example 5, 
except that the above-described adhesive was permeated into 
the region where the porous diffusion layer 6 coats the adhesive 
support layer 9 using a polyester screen of a wire diameter 
of 45 \xm and an opening of 150 mesh/inch in the same 
screen-printing machine as that used in Example 5, so that 
the filling rate to the void portion of the porous diffusion 
layer 6 was 60%, to form an adhesive permeated layer 10, and 
the withstand pressure strength of the porous diffusion layer 
6 was measured in the same manner as in Example 5 . The results 
are shown in FIG. 7. 

[ Example 7 ] 

In this example, the membrane -electrode structure lc 
shown in FIG. 3 and the membrane -electrode structure lib shown 
in FIG. 6 were produced in the same manner as in Example 5, 
except that the above -described adhesive was permeated into 
the region where the porous diffusion layer 6 coats the adhesive 
support layer 9 using a polyester screen of a wire diameter 
of 55 jim and an opening of 100 mesh/inch in the same 
screen-printing machine as that used in Example 5, so that 
the filling rate to the void portion of the porous diffusion 
layer 6 was 70%, to form an adhesive permeated layer 10, and 
the withstand pressure strength of the porous diffusion layer 



6 was measured in the same manner as in Example 5 . The results 
are shown in FIG. 7. 

It is obvious from FIG. 7 that the membrane -electrode 
structure lib having the adhesive -permeated layer 10 (Examples 
5 to 7) has a small plastic deformation due to load, excels 
in withstand pressure strength, and the plastic deformation 
or damage of the porous diffusion layer 6 can be prevented. 

Industrial Applicability 

The present invention can be utilized in a solid polymer 
electrolyte fuel cell used in electrical and transport 
apparatuses, in particular as a membrane -electrode structure 
of an in-vehicle polymer electrolyte fuel cell. 



